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Abstract

Autonomous environmental monitoring has become increasingly critical for applications in lunar explo-
ration and planetary surveying. Traditional systems often employ discrete sensor spaces, which constrain
decision-making by allowing only one sensor with predefined operational parameters to be used at a
time. This limitation reduces the system’s ability to adapt dynamically to varying lunar environmental
conditions and specific data collection needs, leading to inefficiencies and less thorough belief acquisi-
tion. To overcome these challenges, our research proposes a novel method that extends the previously
discrete sensor action space to a continuous one. This continuous action space allows for precise, real-
time adjustments to sensor settings and combinations, enhancing flexibility and improving the accuracy
of energy consumption modelling. By optimising sensor configurations and leveraging data fusion, we
aim to enhance the rover’s belief state of its environment, providing a more comprehensive and efficient
understanding while effectively managing energy usage.

We formulate the problem as a partially observable Markov Decision Process (POMDP) incorporating
both discrete and continuous action spaces. In this formulation, the discrete action space governs the
agent’s movements, while the continuous action space consists of fidelity levels, which indicates how
accurate and resolute each sensor is, relative to its true predefined maximum. By determining the fidelity
value of each sensor based on the uncertainty at a given location, we can utilise sensors in tandem to more
effectively address this uncertainty and build a more comprehensive belief about the quantity of interest.
This continuous action space is managed using Adaptive Discretization of Voronoi Trees (ADVT), which
samples the continuous action space to determine the optimal fidelity for each sensor while handling the
high dimensionality of this space. Our focus is on optimising the fidelity value to maximise the system’s
information gain, minimising overlap and redundancy in the process.

The incorporation of continuous sensor action spaces creates a versatile system capable of responding
to dynamic and unforeseen conditions encountered in space exploration. Our approach lays the ground-
work for more advanced exploratory missions, significantly enhancing the efficiency and effectiveness of
environmental monitoring systems on the lunar surface.



